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service that is sumelied by these Lines . 


bave led to the term "Lightning proof” tranemiasion lines . 


IMPULSE GENERATOR INSTRUCTIONS AND OPERATING PROCEDURES 


Z. General Discussion of Lightning 


Sinee the beginning of recomled time, Lightaing has been an occurrence of - 


fear and mystery. Very little about it was know until Benjemin Franklin demonstrated = 


that lightning was an electrical phenomenon. 4 

With the coming of transmission lines it became more importent to determine 
juet what lightning wes. At a vexy cavly time in the nintory of trensmiscsion Lines it 
wes noted thet Lightning vas one of the major technical problems that kad to be ones 
come. S ince transmission Lines axe constructed at some height above the eurround lug 
terrain, they ere usually the a ‘prominent aoject of that particular Locality and 


Toererore moet suscepteble to being struck by lighteing. when a trancm aston Line is 


struck by Lightaing serious damage oceurs. to Line insulation ; Sub-e cati ons, and . 


genere ting equi ements creating wuch expense ant pelted os tion of the eon LLnelty of the 


Over the years transmission Line engineers and high voltage experts have | 


sats nmaged to develop many types of protective devices. These protec: bLve devices auch ¢ as; 


fe, ee 


‘Lightning arrestors, expulsion tubes, overhead ground wines, and fast relaying techniques : 4 


ti, Lightuing Tnves weatigations 
the engineers’ Piret studies were confined to the effect of lightning, and it 

was foul thet Lightuing etrokes are characterized by &@ relat tively high current TLowe 
ing for = short interval of 1 bine . This means that when the transmission Line ia stauck 
by Lightning this fest surge ‘of eurxent through the lupedance of the Line produces a 
volcage éxop between the line and ground. This voltage wave imeciatezy starts to 
travel. in both directions 5 along the tranemiaaion line subjecting the Line ineulation and 
equipment to welatively high voltage stwesses. These “traveling waves" may algo be 
groduced by induced effects trom oy gieokes whaich do not ectuaily contact the 
iwanemiagion line. By actual field investi gation it has bean Pound thet she shape of 


these high voltege weves varies considerably. 


<2 


: ; 


TIT. Actunl Lightning Veves 


Weve fronte have been found to range f¥om one to 90 microseconmis to erest - 
and vor i. tO BOO nieroseconis duration on the teil » &m enalysia of these deta oy 
Bewley indicated that the majority of the fronts were from 1 to 5 microseconds and 
that the duration of the tail wes from 10 to 40 microseconds. From this date a standard — 


test wave Gescrived es 6 12 x 40 microsecond wave wes established by the induetry se 


that tenting could be conducted on af comon basis. seshines: of defining wave shape will 


be explained later). 

| From the above discussion it becomes apparent that the 13 x 40 microsecond Weve 
ig not sn actual lightning stroke but is a standardized voltage wave which is eotape 8 
Little more severe then mest actual Lightning strokes. 

Im Seterminivg whats ee of voltage right be fount to exist on transmission 

Lines Guein: 3 iightning strokes 1% fe S Realized thes tae hign rate of change of eueeent 
must be determined. Field Lavoe bigats 4oa bas deca: that the curyent in lightning strokes 
ss be es Low es 1000 of as high as 100 ,000 euperes and that the rate of change of current 


may be as high as 40,000 eeperes per mierosecona, with a probable average of )500 amperes 


per mievosecon?. From this date it is estimated that lightning volteges will. range 


between 1 KV and 10,000 KV depending upon the impedance of the line struck. 
Fortunately this voltege wave can be "chopped of f" by the line insulation and 
Ss voltages having 2 magn tute of a Little mxwe than tae evitical flashover voltage or 
she dime would reach the trauefoxrmers and sub-station or generating eteation equipment. In 
addition the nature] attenuation of a transmiasion line deeresses the mogni tude os 


Leesens ihe oeverlity of & a ieolse as it approeches sub-stations or generating equipment. 


cyoos of Lightning Waves 
Ee iytaarnin deere scat dpa perce ATOR TENT SAA IES 


Sinee inttnine waves are altered by the Line insulation, expensive equipment 

ay be aublected to three different types of caves . Waves having menitudes slightly 
higher than the critical Sleshover value will be “chopped off" at or beyond the rest a | 
and the wave reaching the apparatus will be & "chopped wave". Magnitudes greatly in 
excess of ‘the evitdeal flashover value will be "ce opped off" on the crest or before 

the crest. This wave vhen reaching the apparatus will be “steep fronk” vave provided 
tnes the point of lightning stroke contact is not so distant from the appara wus 23 GO 
be greatly attenuated by the time it reaches the emparatus. The other wave is the full 
wave iu woich the magnitude of the Lightning voltage is lesa than the eritical flashover 
of the Line insulation. Therefore in leboratory tests, we attempt to duplicate these 


three different types of waves. 


pe 


® 


V. Wave Shape 


| Pig. I. iliustrates a typical full. ee. Such waves are specified es , txts 
where Ty and To are the intervals 0)X), and 0,%), respectively. For practical reasons 
the virwual gevro time is established at O; and is determined by the intersection of a 
line Grawn Uhrougs the ie and .o2 points on the front of the wave, with the zero axig. . 
My is the time at which the crest cecurs. The time interval 01%) = T, ond defines the 
yave Prout. 
for convenience when the crest is not clear the time of the wave front can be 
considered as te himes the actual time imtverval between the .3E polat and the .ch point 
oe T, = 2 (Xp - ¥3). : | 
TP there ave sourious osellietions on the wave Treat which can 'S be dompened ows, 
the .38 and .o8 points ehould be establieked on aa average curve sketched through the 
oselLiatlons . | 
in Fig. I. the poins X), ie established by determiniag the time at whieh . 3S 
occurs in the teil. of the wave. The time interval 0, %, = T, defines the teil of the 


WEES? o 


Pig. I. Wave Shape 


VE. Qesting Weves | | 
As explained in the previous section, laboretory impulse testing waves are an 


attenpt to duplicate the different types of waves which might actually oceur Of 
“apparatus due to the eccurrance of a lightning stroke contacting a transmission Line. 
Figure I illuetvates these three different waves. Referring to Figure I vave fi ie 2 
14 x hO mlercsecond full wave the emplitude of which is such that the weve wouls ‘pot 
COMBE flashover of the line ineuletion or apparatus bushings used with the pawticuler 
yoltage class of the apparstus unier consideration. Such voltege amplitudes have been 


atus would. have 


stantinrd ged for all, common voltage classes. This means that the aypas 


f 


to have internal insulation with sufficient strength to withstend this full vave. Wave 72 _ | 


of Figure T is en example of “chomoed wave", the amplitude of which is approximetely 154 | 
higher then the full wave. Im general this voltege vould cause Plsshover of the ling 
nowged off" effect om the tail. On 


imuletion or apparatus bushing thus producing a “s 
d off” effeet may be preduced by gans or the apparatus bushing . | 


ammaratus thie "chopp 
The third wave, the Steep Prout wave zs gives rise to a somevhet special test. This is the 
ne front wave aie by wave eurve £3 of pias TI. Such & wave is roughly 60% 

higher than the fuli vave but of very shoxt duration. mis type of wave is only 
experienced on transmission Lines which Go not mrovide lightning arrestors or other 


pretactive devices. When these operating practices are adhered to » voltage yeves mech 


in excess of the critical impulse flashover value of the line insulation, when oceurring 
- at or near the egparctus , Will | produce the steep front wave even if spilled gxyps are 
uged, this type of wave is a mach more severe wave than either of the other two Gypes » 
Thesoloxe , this operating wrocedinre in whieh Lightning protective devices are not used, 
oan only be justified on an economic besis where continuity of service ia not of prime 


importance . 
~H~ 


ae ‘ 


= — ee 


Figure IT 
fypes of Lightning Waves 


#1 Full Wave 
42 Chopped Wave 
#3 Steep Front Wave 
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VIL. Artifical Lightwing Cirevits 


The leboretory Lightning generators waich made poss ible the production of en 
artifical Lightning gtrcke axe essentially a discharge of a ecapecltor. Most grenerators 
in.use today are mdigied Merx's circuit generators. By using 4 series resietence 

between the capacitance of the generatoy and the impedance of the apparatus under 
test and by using shun ting resistors the wave shape applied to the test piece nay be 
controlled end wade to couforn to the coumercially standardized is x 40 mlercsecand 
wave. A typical eqguivelent ecirewlt for an slmeo-ate generator is iliustreted in Pigere Itt. 
he impulse generstor itself? is vepresented oy the capacitance (Cy) the induetanee (L.) 
end the isolating gap (e). In the actual cireuits Cy is made up of many capacitors 
conmectes in series by many caps. Le is aise distributed esong the capacitors. The 
rewainder of the equivalent cireult is to ghene the output of the generator inte % the 
Stendard LS x hO weve. The yesis teuces Ra and Ra, are resistance voltage — whose 
Lunect ott iS to produce ¢ reduction in the voltage wagnttude so that the Lupulse were 
cen be recorded by a cathede say oscillograph. Re if ¢ shunting resistor which aids 
Ln the contro. of the TALL of the WAVE » 

Axter the impulse generator capecitezee (C.,) gi bas heen aaa by a DC voltage 

to some predetermined value, the series gep (G) is wade to aypark over, thus caus ing, 

the impulse generator to discharge into the vest of the cizeult. the output voltage 
divider) vises 


(the vette acsoss the test specimen, Load capael tor, and the voltage 
until the load panaci tance and the impulse generator capacitance are essentially at the 
peme Voltage. Tate ie the ereat voltage aud the part of the wave up to this point is 
called the weve front. Beyond the ernat che impulse generator capacitance Ce and the 
Load capacitance Cy, act in pavaliel and discharge “through the series xesietence Res sa 
yYoltege divider resietance Rs aid wave tall shaping resistance R, » Thts sumo. of +t 


wave is called the weve tealil. 
Ba 


Vilz» Galeuiations fox Wave Front | 

The wave front is determined by the RC time constant of the load capacitance 
(Cr) end the series resistence (Ry) ,the self inductance (1L,),and the Tes generator 
cagacitance (Cp) (Appendix I gives the theoretical caleulation for wave fronts and 
Gave tealis. From this 1t can be shown that, acdc the series resistance (2) is 
suféficlentiy large to prevent oscillation om the erest of the wave , the equation for the 
tixe to erest is approximately 2.5 times the RO constant of tne outyut eipreuit. Where 6 
ig the efYeetive sexies capacitance of the generator copaciiuane (Ce) | and the Load | 
eapecitance (C;,) or where C is equel to C « Gy, C, «» In other words, the wave front 


CG, ¢ G | | 
3 & et 
time in microseconds equels 2.5 times Reg times C. The mluluami value of Rg can be determined 


EG TRE eee: 


from the equation Tor erltieal dampening or R, minim tee /e. Ip aetuel practice it is 
found that the lead capscitance (C;,) is only ecout 1, to 10% of the generator eapanl tance 
if G) thevefore the equation for weve front may he seduced to tine of wave front in micro- 
seconde {%) in equal te 2.5 B, Cy in microfernds. The constant ¢.5 is theoretically 
obteined by assuming thas ‘the voltage bukit up aerosa {¢ g) the generator capaci tance 
(C,,) xemains constent during the time to the crest value. Obviously this is an exror 
inee the peuapates eepaci tence Cy starts te dtedares the instent that the geo (G) 


breaks down. Since the constant 2.5 is dependent uwoon a discharge rate of Ce it is 


covious that the length of the teil will have an effect upon this constant. 


Lee Cale uiations fOr We ave Teil 
As soon es the load cepeacitow veaches crest value, the generator capacitor 
(Co) and the load capacitor (C,) immediately start to discharge through the effective 


resietance shunting them. In the type of wave shaping clreult used In the Locke High 


Yoitage Laboratory in which an Ra, R,, end RB, are used the effective sinumting resistance - 


considered to be the parallel combination of Ry plus R, arn Ry -« 6ines Ce $8 much 


greater than c, the Cigenesge curvent ig considered te split at the jumetioa of aig @ 


Te 


Ry. Thesefors, the equats nm for effective shunting wesintence is a R a Ry (Ry ? Ra. 
8 eT 1," g 


From Appendix A we find the equation for time of wave tail (tp) is to - 0.78 (Cy $C.)- 


a 


—K. Voltege Regulation — 
an Gnpeveting an Lag ulse generator it is desirous to know the EMOPOXLLE Le - 

veguintion which will occur in the output cirenit. Tue types OF regulations take place. 

One ig the effective retio of the capecitence of the generator end the capacitance 

of the Load civeult, the other the voltage divider effect of the combination between 

Rg and Ra. The generator output E, in teras of the capacitance regulation is E. = 


BoC p » Where E . is equal to the charging voltage of the geterator times the nusber 


Ce $+ & | yee 
o éaneettore anh F & ig the generator voltage {E,) regulsted by capecitos effects . 


Em condidering the sage a regulation — a= z would equal Ra Ey, - Therefore F 


in terms of both By and B, the output regulation Ty s Sg n, te? Ra 
Bg E a) Eo a G = “, fy 


Tais equation is net preciae, however, for most oils generators using tne 
15 x 40 microsecond impulse vave it gives a very close approximation. ‘The error is due 
w neglecting the geriez infuctence of the cireult which eauses adéitional voltage rise 


et the cvest. 


KI. The Locke Dnpulse Generator ¢ 


The 3,000 ,000 volt impulse generator ae in the High Voltege Laboratory of 
the Locke Department, G.E. is indicated schematically in Figure IV. ‘The generator 
cousiste of the following main parts Influction regulator, rectifier, capacitor 
pant: » wave sheping resistors, and a trip unit. | 

In normal operation power is. supplied to the induetion reguiatey Which varies 
the input voltage to the rectifier transformer. The BDC cutput which is pleced across 
C, and Co is obtained from a. vel tess doubler type ef circuit using two kenetron tubes 
(V, and Vo) - ne operation of this rectifier set is as follows: At any given positive 
| halt eyele of the exeitation voltage 9 Vo Will, conduct through the capacitor Co and the 
| treusfoxrmer by means of the charging resistors R g aad R el’ | Dusting the negative nol? 

eyele of the excitation voltage ‘ WLLL conduct placing 2 : charge across ¢ oy by means 
of the rectifier txensformer and the charging resistors R og aud R eo* En this marmer 
during the charging up period a Peer bte chevee wlll be oe on one side of each gxeoup 
oF capacitors and the negative Monty Will. be placSd upon the other. 

The charging resistors a > Rap wt oe R, y SLLOW the capacitors to charge enue 
relatively long time constant but issolate them during the aischarce of the generator 3 
Caution: Inasmuch es the capecitars Cy ene Co, etc. ere individually ve tod ae 75> EY DC, 
the Lower side voltage ore the rectifier transformer immut should be Limited to 
approximately 360 volts. 

Tf the trip gap Ty were now to be short-circuited, the generator would fixe 
in the following wamer. When f, choses, point (1) woud. be reduced from some positive 
yotential to a ground potential. This pulse would travel through Co and C,. Point (2) 
would now have twice the negative potential then what it had while the generator vas 
charging. This would inerease the voltage exodient across G, enusing it to break down. 
Tt then ee that the voltage at point (2) would be placed at point (3) causing 
a further reduction in voltage at point (4), causing Gy to break dam and soon. Ix 
thia memner, through its internal gaps, the voltages across the Imivicual capacitors 


of the generator would be added up and discharged through the Pinal sep into the 
ay pee 


wave shoping cireuit coumieline of Rg, Rg, Rg, Bgy, acd Cy, placing the output 
voltage across the test specimen. , 

in actual prectice the gep Te is ehort-eizeuited by means of the trip unit. The - 

teip wit is essentially another small impulse conerator which has en output voltage 

of approximately 62-1/2 KV. One end of this small teip unit is grounded through the 

tube Vo which is a hydrogen filled thyreton. The 6241/2 KV pulse is placed upon the 

Ay (Ty) which upsets ite gradient sufficiently ta break dowm the center gone. ‘Ene 


grid of V, is triggered by a pulse from the time delay cireult of the CRO. This rather 
eouplicated firings mechenion is essential in that xelieble control oF the Instant the 
generates Fires is éestrous ginee that time must be teach baat with the stay of the 
horizontal evegp on tae CRO. 

A wonltive outgut voltage on Mats impulse generator may be obtained by chang ine 
the outpet commections of V, and Vp as shown by the dotted lines in the schemtilc 


dingram of Figume IV. 
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RIX. Voltage Dividers ; | 
Since there is no known method of eceurately measuring high voltages directly, 


HoOue type of voltage divider must be used. Several types are in use today. These are 
the capacitance dividers, the compensated dividers and the resistence dividers. - Since 
the main purpose of a divider is to accurately reproduce a voltage shape in miniature the 
weenltude being reduced by 4 ve.Lue equivalent to the voltage divider ratic, extreme | 
seution must be observed in obtaining this ratio. The capacitance divider is greatly 
effected by stray capacitance and therefore must be walipected py the use of a reaiatance 
divider. ‘The compensated divider, ag found to be experimentally very effective in 
that it attenvates all frequency to che game degree , ia not too practical because 1%. 
pecomes extremely lerge at higher voltages . The resistance divider is favored by most 
leboratories withia the G. EB. Goureny as it is the most flexible and when used properly 
gives the best result. fae resistance voltage divider must te kept well. away from the . 
influence of the generator field otherwise it would be a partially compensated Givider. 
The RC time coustant of the divider mst be kept to a small enough values so thet the 
waves placed across them are not distorted on the output end. The resistors used in 

this divider must be as highly non-induetive as possible ‘ Piece attempt mist be made 

to uniformly ne the applied voltage across thene reste tors, and again, the voltage 

divi ger Patia at ye ies aml capable of being accurately es - All connecticas 
muet be tight beceuse any spurious ghod toad ie woulda distort the weve shape and Shane: 

the voltage gradieat on tre resistors ercating @ transient change in divider radio. 

Tie resistance values of the component parts of the voltage divider must be very 
accurately determined . This Measured resistances value must be checked aeainat the 
caleulated resistence inasmuch as the non-inductively wound resistors might have one 
HLGe opewy giving talee the vated wesiatance across this pee vieniar abd ; When the 

high voltege ip impressed across this eard, the smalltreak will spark over giving the 

: rated value of resistence, therefore, the [——— resistance value would not be the 


° 


GPUS yalne under operating conditions. 
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the voltage divider ratic is equal to VDR «= Ra 3 Ro where RB, is equal 


to the paralle l effective resistance oF R, and the terminating impedance Bes oF the 
co-axial plek-up cable. In selecting the proper size of voltage divider, two things 
must be considered. The minimum time to be measured and the mascimumn voltage to be 
impressed across the divider. The maximum voltage per resistor card should not 
exceea 50 KY and the totel value of the resistance divider should correspond wlth the 


values as indicated in AIEB Standerds No. 4, Revised, Paragraph 4-163. 
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XIII. Cathode Rey Cselliograph 

| The eathode oy Be viceraph ig an instrument containing various DC power . 
supplies, timing eee » Sweep circuits end other associated control equipment, ali 
. built. to operate an evacuated tube containing an electron beam emitter (cathode) focus- 
is electrodes, deflection plates and accelerating plates (anodes). 

os Tf eo voltege which varies Lincerly with time is suddenly impressed upon the 
horizontal, deflection pletes of the CRT and the voltage wave to be measured is impressed 
upow the vertical deflection plates ; : the electron beem will be deflected proportionally, : 
and thus the time-voltage seletionship of the wave to be Gennes Will be plotted when 
these deflected electrons impinge upon. & florescent screen. Photographic prints may be 
taken of this plot > Securing a permanent record of the wave. | 

By means of the timing waves, DC calibration volteges, end the voltage divider 
vatios, the exact wave shape and magnitude may be determined. | : 

In most testing the accuracy of the voltage magnitude as indicated vy the CRO 
an) the voltage divider vatio must ‘be eheckeat. against the epenittae of the same voltage 
wave as measured by standard sphere gaps. They mst not differ fron gaan other by 
more than 5%. Methods of making these checks are outlined in AYEE Stendaxds Wo. 4, 
Revised, Paragraph 4-166. | : 

When testing and using voltages in excess of 1400 KV, the oscillograph mist be 
solely relied upon because as sphere gaps are inaccurate in that range. ‘Therefore, the 
faet that the eceuracy of the CRO and the voltage divider must be maintained is 
euphesized. | 
iG ia highly important that the pick up eable Prom the voltage divider to the 


CRO be terminated by 6 value of resistance equivalent to the surge impedance of the 
test pick-up cable. This terminating impedance is imperative et the CRO end of the 


pick-up cable but is not necessary at the voltege divider end. 
| | } 
‘ oL{ 


XIY. How to Select The Proper Stenderd Generator Circuit 


SEI STALL G EAT A RF . 


Determine the range of voltage at which tests will he desired. Determine 


minim time to Pleshover which will be expected. Select e stendard size generator 


© 


colpatible with the above conditions. Stendard generator curves are given in the Appendix. 
hey have been set wp so that ea vide varlety of the above conditions way be obteined. The 
particular curves are 2 calibration of lower side voltage versus sphere gap epark overs 


for lj x 40 waves. The calibrations hold only es Long es the exact eireuitry is 


cuplicatec as given on the curve sheet. Any varlation in the circuitry. (Except changes 


* * a, ye : ei as = P Oe lier © Com. of Ff 4 
28 Ray) Coneiliutes & non-standerd set-up and a new calibration curve must be obtained. 


«Gm 


KV. Non-Btendard Generator Circuits 

| When the use of a standard size Pears is not Feasible other types of 
generators any be set up by poralleling the generetor capacitors, splitting up the 
generator, inserting Internal resistance, making variations in wave sheping resistors 
or load capecitor. | 

Take folloving rules should be strictly adhered to when setting up non-standard 

SSRSPAtOLs » | | 

(a) Always waintain adequate charging resistence in the generator between 
ali vanks of capacitors. 

(>) Grade all voltages as uniformly BS posal ble. This is iiperative in the 
ease of the voltege divider as non-uniform gradients WilL agfect the divider 
ratio. | 

(ec) Bo not exceed 75 KV erest per vesistor card. (50 KV per card on voltage divide 

{a} Keep the inductance as low ag poss ible by avoiding the use of tons Lead. 
lengths or email @iameter wires. 

(e) Appearance of “over shoot” on the ereet of a full wave indicates nee 
excessive inductance if present in the clireult. This will lead to an error 
in the calibration. 

(7) Keep the return currents separate from the grounding circultea. The nich 
return curzvents if introduced in any major proportion into the ground 
circuit, will create = dzop in these ground leads end will, therefore, 
¥aise,ebove actual ground, points which should be kept at ground. 

(z) Meintain generator sphere geps in as clean a condition as possible. 

(th) Metel pexsts of the generator sheild always be tied in with ths xest of 
the circuit. Ficating metal parte yee capattcive eurvents which will 


cause spurious spark-overs which have the effect of distorting the output 


wave. Allepurious spark-overs mist be avoided. 
ice 


DO not exceed 2500 volte across R aL’ 
Or ge 


ne side of the test specimen and the grovnd side of Ray must be kept at 


ey 
Ce eine a eae tgaey Muiawhiplatk YR 


vf pry, ~ ee or . 
ground potentie] at all times. 


POCONO reso 4 


i SNRs ome CELERANT 


erating Procedure | 
| ; ae fim impulse generator ia an expensive and highly specialized piece of equipment. 
s in ite design optimm mechanical strength has been. saerificed to enhance its electrical — 
strength. For this reason it would not be subjected to excessive mechanical stresses 
of auy type. | | 
| After the proper type of generator hos been set up the following procedures 
should be followed in starting up the generator, = 
ec Check entire circuit for proper connections and tightness of connectors . 
2. Select the propex polarity. | 
3. Remove both grounding and shorting straps on the condensers. ? 
bn, Throw in safety disconnect switeh loceted on left side of the control panel. 
(a) Green light comes on indicating power available. 
(b) Green light ia gate clreuit signel light comes on if safety circuit | 
selector switch located by the stairs ‘is in the proper position. 
S. Throw Pfiianent sviteh to start position and hold for 10 seconds then quickly change 
to run position. | 
(a) Adjust filement voltage to red line by using fine control knob. 
(b) Woes the rectifier filament switch is placed in the rum position, the 
filament on the trip unit pover supply ehaise ere also turned on. Since | 
e, nedvonsn filled thyration is used for tripping, a 5 minute time delay 
locks cut the high voltage to the thyration to aLLow it % reach the proper 
opereting temperature . . 
a aed on 110 volt switeh to the oscillograph. 
(a) Be sure that the back oscillograph door is closed. The back door is 


| 
| interlocked with the high voltage power supply of the oscillograph. 
(>) The oscillograph contains a thermal time deley to allow 1t to heat UD. 


20. 
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La « 
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Turn on the 300V, SOOV and 25 KV power supplies is bhe oscillograpnr. 
(a) Observe the CRO tube while turning on the 25 KV power supply since 
the tube would burn up if @ failure had occurred in the 900 volt 
nover suyply. | 
Adjust the osciliograrh to the proper sweep speed, timing wave, DC eulinen tien” 


Pocus, intensity, biag end the camera to the proper. aperature opening. 


{a) Excepsive intensity should be avoided in that it clouds films and shortens 
the Live of the CRT. | 
(b) Use the green CRO button for tripping the CRO while waking these adjuet- 
ments. This button does not tyip the impulse generator. 
Clese all, interlock gate circuits. 
(a) A large green light located on the left-hand side of the control panel 
Lights when all. gates are properly geeneeted ene. sidead . 
With the volt meter selector switch on the highest range, turn the control arviteh 
to “regulator” position. 
() Red light over remulator Beiter goes on indicating that reguletor 
Ls energized. OQhserve VORtGES on volt meter. 
Check the operation of the gate Sind a opening oos of the gates. The regulator 
contactor should trip out. | 
(a) Sign safety record book to iiests the above checks and state condition 
of circulis. 
Throw regulator in and adjust to the approximate lower side yoltege (LSV) as 
determined by the standard curve of LSV verses KV for the particuler generator which 
hes been bet up or Drom some other appropriate calibration curves. 


Adjust the gep specing to correspond with the LSV as per posted curve. 


Hote: This gep spacing is approximate and should be used enly as a guide in making 


| 


initial settings. ‘ 
DD wm 


14. With the "Grip-no-trip” switch in the “no-teip" position, throw the control 
switch to the rectifier position. This will perform the following operations ; 
(a) Remove the ground from the output of the rectifier set. 
(b) Close the contactors between the reguletor and rectifier. 
(ec) Turn on the high voltage to the trip unit. 
(a} Switch the gate signel lights from green to red. 
(e) Start the charging time timer. 

Caution: If excessive regulation of the LSV is indicated, trip the cirenit immediately 
since a short is probably on the cireult. If rapid firing of the genevator 
occurs, the gaps are probsbly too close together and must be ‘immediately 
opened up. Continued rapid firing will blow the 1.25 am fuse in the trip 
unit powers supply. | 

25. Ween the charging time bugser sigvels ecundé end with the CRO selector sulteh on the 

VD position, push the red surge button on the CRO. This willl cause the following 
deaccnce or operation - he CRO button picks up a relay on the time delay circuit | 
wWaich fires a thyrvation which sends out two pulses. One going through & Varleble | 
time €elay circuit to the trip unit, the other goes through a 1. microsecon’ time 

delay cable and starts the sweep. ‘The one going to the trip unit will short out 

the thyrvation causing the trip generator to fire and thus the main generator to fire. 

If all comnections and adjustments are correct, you will observe the output weve 

of the generator on the CRO scope. If it is desired to take a picture of this vave, 
pricy to pushing the surge button, the switeh on the top of the canera | holder muct _ 

be closed. | | 

16. If CRO feace is not in the center of the tube, correct by using the timing control; 

or bias control. If trace does not appear at all, the main gape in the generator | 


may be spaced too far apart in which case they should be closed down ‘by use of 


the gep control mechaniam. « 


17 -. The nenecgtee may be shut down automatically at the end of eny one firing by | 
placing the "teip-no-trip” toggle switch in the trip position. This switch has 
to be reversed to the "no-trip" position prior to starting up scain. 

Caution: Prlor to doing any work in the Impulse generator area or immediately opop 
entoeing the impulse generator area, all. dangerous parts of the impulse senerat oF 
must be grounded and shorted. These are (1) Horma2 gvounding safety switches 
mounted on output of rectifier. (2) Gromeine Brel shorting Strap on crank 
MECREnIS for both sides of the generator. (3) Test specinens having high 
capacitance. | | 

38. When re-adjusting the LSV te a different level, it should be renembered that the 

generator will charge to epproxinately the highest ISsV epplied, not necessarily to 
the final point of ad un ent. For this reason it would be good practice to tem off 
the rectifier to adjust. the SV. 

LD Date should consist of the following items: specimen Lutosuetion, generator se t-up 

(if atendard, the curve number may be referred to), wet and dry bulb readings, 
Mirometer reetiine, (cute! of the generator, lower side voltace { (LSV), timing wave, 


frequency, sweep apeed, DC ealibration voltage and polarity, number of the picture 


taken, whet type of flashover oceurred. For most of the testing done in the Locke 


Laboratory, it has been found expedient to place both timing wave an a DC calibration | 


voltages om every exposure. 


mee) ee 


ry = > 4 c 


EVIT. ‘Trouble Shooting” 


Symptom A: Regulator wild not tri ip in. 
{a} Cheek all gate eircuite. 
(b) Cheek position of sefety circuit selector switch. 
(c) Check fuses to piek up coil. 
(a) Check filament switch, should be in run position. 
Syuptorn #2: Wo high voltage on trip unit. | 
(1) Check 1.25 amp fuse. Buse probably blew bpeceuse gans on trip 
generator were too close. ee 
(2) Check 123 tube for proper cperation. 
| Syupten in & Lack of control over generator firing. The four electrode gap, 


although irvadiated » 18 irreguler in its nexformnce with respect to changes in hunid Lty. 


fn addition, small amounts of dirt or dust will greatly change theiz Flashover characteristics 


Since a ee majority of the variable time delay in firing a generator is located in these 
cape , it is esgentiel that they be @lean and spsceé properly. The pou side set of | 
Sas should be spaced closer than the high side set of gaps. Prior to re -ed justing Ghe 
| spacing of the gaps, it should be determined whether or not the tri unit itself is 
operating properly. This may be done by turning the rectifier on bus & vedueing the L5V to _ 
2eEG and then attempting to trip the trip unit. if the trip unit is operates properly, 
jou should then look to the relative apaniae between the large internal gaps of % 
generator and the four electseacte gep. If the genevator Seems to be firing at a spacing 
which is quite a bit higher wien toat indicated on the ISY versus gep spacing curve the 
Tour electrode gOps are probably set too close. On the other hapd, if 1% imposslble 
vis) pote a the coerce timing so. that the impulse can be observed on the sereen of the 
CRO tubes , it is highly probable that there is too much delay in this gap because it 
is too far apert. With experience these gaps should be relatively easy to maintain 
in proper cpereting condition. 

| Syuption #4: No trace = tube. 
& Leck of surficient imtens iby or focus. oS 4 rane 


2. Peilure of 25 KV acce lereting reat Check fuse. Failure of sweep cireult to- 
| i. 


2 


~ 2 


produce & CRO grid txip. Check sucep circuit operation by checking curvent jacks 


a Se 
2 
fot 


ct BGS + @ 


Sommoton #5: Ixvetic firing of the generator. 


I 74ean and re-adjust all gaps. 


<e Listen for canpaciter breakdowns. 
3. eip unit gaps toca close. Tonizing wisker too close, 


- Symptom #6: Poor timing between start of sweep and firing of generator. This 


cl 


ig also probably poor adjustment of gape and is more noticeable on the shorter suse 


#4 gy G gs tir hig ea ke Pte 


Gpeeis. Check irradiation for proper operation. Check thyrations of time delay circuit. 
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APPENDIX fA 
DERIVATION OF AN APPROXIMATE FORMULA FOR FRONT OF WAVE CALCULATION. 


Cy 2 Load Capacitance 


Ce = Generator Capacitance 


R, 2 Series Discherge Resistance 


Ra 


ee 


Voltege Divider Resistance 


Discussion of Cireult 


Since Cy is mich greater than Cy, and Ra is much greater than Res which is much greater 


than Be, and aimee the time for the voltese across Cy to reach crest is very enelL 


compared to the torte discharge time af © es? tre elrenul & can be assumed to take the form 


of Figure IT. Inductance is very small and so is neglected. 


oe. 
- a 
Figure Il 


Here the load capacitance is cherged from a constant potential (Ve 2 * BE a) Source 
theouch the dampening ond charging resistor (R,) - Tale BE, is also assumed to be equal 


to the ereat voltage thet would have been obtained in Figure I. 


Ael 


& | @ 


in other words the discharging effect of Re er Ra ie neglected. Keeping Figure IL 


and the agsumption above tn uind, the voltage appearing acrose Cy, V~s time would appear 


as in Pigure IT. 


A ie ee 
Z Eo 


wotsicn = OR RI i ee 


Figure ITT 


Derivation of Wave Front PFornula 


At any time (%,) the sum of the voltages in the circuit of Figure IT is equal to zero. 


if, idt 4 IR, - Ep = 0 | Equation ia 

Dizterentiate Equation la with respect to t: 

Life, 4B, di/dt = 0, ov 1} R, C, di/at = 0 | Equation 22 

Tnis has the classical solution which takes the forn. 

3 mG 

Laé Equation Sa 
wt : 

di/at =. me Equation 3.la 


Substitute Equation 3e and Equation 3.la in Equation yee 
Faye nt 
@ Re Cy, me =svorl +R, Cymso 


Solve for m: - 


m- -l Equation te 
Rc, 


subetiiarte Equation he in Equation Je end remeubering that 
for every value of m there is a constent EK to be determined 
from the limiting conditions: 


~6/8Cy, | 
4 = Ke | Equation Se 


at time ty = o from Equation la, 1 = 8/R, 


So from Equation Sa at time eo, i «K = B/R, 


Thererore at any time +, 


sty /Retr, | 
i = B/R,.e | Equation Ga 
Tne Equation for the voltae (ve, ) aCPOsSs Ce at any time from 
Equation le is; Ve, = 1/C, idt =< EB, - iR, | Equation 7a 
Substitute cee, 6a, Aa Equation cs ‘2 
Vey 2 oo 7 Bo/Re Re 7 = By (i-e (ace iy Equation Ga 
Since the ATED stendard #) defines the virtual zero of the | 
wave ag the line through the .3 Eo and .9 E. points and 
assuming that by coincides with ¢he time of crest equala 
Bo: we can solve for bg eat .9E., and % at EB, will be 
proportional. ; 
i 3/BQCy,) 
b .9 Ey E uation 8a reads, iy +9 Bo, = Ee, (l-e 
* wty/R R ats. 3 ms _ta/Bett, 
Jel ol = 
Taking the ln of both sides: 
ae tae t,/8,C 
be : Boos, im ek - Be3 RACs Equation Sa 
eines .9 Ea/l.dllg = ta/t; | 
be 2 09 Gy : ; Equation 10a 


Substitute Equation lta in Zqustion 9a 


a ig 


ty ~ 2.3/ 9 Boy : e9 Rear, | ce : | BQuation Le 
The ebove Equation holde true for wave front provided E Ps 

Le en RO the exrest value reached. This weans that Ge, 

mat be atall Ceres to Cy and that BR, “i weld to as ermal 

4 value as Possible. : | 3 

The above Equation also assumed that the inductance or the 

Gischarge circuit was very ome wad ch is usually true for 

tupulse geterators. The assumption of constant Bo and smoil 

inductance | axe comps bible because the effect, 17 any, of 


the imductanee in the cireuit is to keep E,, coustant. 


Tell of wave (dischexge time) 
Sor this calculation the ‘gquivaient eLreuit of (ca 


would be as Bigure IV. 


att ie 
“ amy 
5 


te R = Effective Resistance to Ground 


ie C = Bivective Cap to Grout 
) includes Cy and C,. 


Imdiuetence is again Neglected 


Figure IV 


Let ae again equal, the erest voltage reached. 
Then at any time t,, the voltage (Ve) across C equals the 


yoltage drop serosa R. 


Ve - E, = L/e idt < Vp, = iR | 
RwEy = 1/o idt | Lb 


The above Equation is similar to Rauation le and the boundery conditions 
of Vp <« IR at t = o is the same, therefore, the solution wlll be the same. 


BX 
felt 


~tp/RC 


is E/R e 2b 
ATES standards Ps define the Limits in microseconds of 
the tail as the time t,, plus the time from t, to ty as 


die nig V 
Subetituting In — 2b fox the time when Vp = - OE 


i= SER = che | 3b 
~ty, (RC 
5 = @ i | Lis 
In .5 = +, /RC | 
t, = -6932 RC | | Sh 
SiLnee Gy = tt + ty | 
to = ty 4 -6932 RC | 6b 
C=C, $C, 1 Cy vis 
R= Ry, (Ry + Rg) /Rg +R, + Ry | 8b 


then equati on Gb becomes approximately: — 
TR, (R, + Ra) (Cg # Cy, # CQ) 
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